Abstract Psychiatric hospital treatment (PHT) is expensive and indicates a severe disorder. Investigation of the early identification of this small patient group has though been hindered by small samples or unsatisfactory assessment in childhood. The present study aims to study the predictive association between psychopathology at age 8 using multiinformant assessment and later PHT. A nationwide birth cohort of Finnish children (n = 5,346) was assessed at age 8 to obtain information about psychopathology using the Rutter parent and teacher reports and self-reports of depressive symptoms. The main outcome was admission to any hospital with a primary diagnosis of any psychiatric disorder according to the Finnish National Hospital Discharge Register between age 13 and 24. Between age 13 and 24, 6.2% of the males and 4.1% of the females had been admitted for PHT. Among males, PHT was independently predicted by non-intact family and adult reports of conduct and of emotional symptoms, while among females by selfreported depressive symptoms. However, the combination of conduct and emotional problems was the strongest predictor for PHT in both sexes. Admission due to psychosis among males was associated with childhood conduct, attention, and emotional problems, but with emotional problems among females. Psychopathology at age 8 can be seen as a longlasting increased risk of severe psychiatric disorders requiring hospital treatment in adolescence or early adulthood. Attention should be paid to self-reports among females and of comorbid conduct and emotional problems in both sexes in the early identification of this patient group.
Introduction
Psychiatric hospital treatment (PHT) is the most expensive mental health care treatment [24] and indicates a severe psychiatric disorder [5] . PHT becomes more common in adolescence [29] and is associated with psychotic, affective [29] and comorbid disorders, high rates of aggressive behavior [14] , suicidality [26] , and an elevated risk of death before middle age [4] . In order to prevent these severe disorders and reduce the high health costs, it is important to identify those at highest risk early.
Clinical case-control longitudinal studies have shown that children with a psychiatric diagnosis are at risk of PHT in adulthood [21, 41] . However, the only large-scale prospective birth cohort study examining childhood predictors for later PHT with a follow-up extending to adulthood is the UK National Child Development Study (UKNCDS) [8] . The study included 131 inpatients and 1,385 randomly selected controls. Among males, teacher reports of externalizing and internalizing behaviors both at age 7 and age 11 predicted hospital treatment of psychosis or neurotic disorders before the age of 28. Conversely among females, problems at age 7 did not substantially increase the likelihood of PHT, whereas problems at age 11 increased the likelihood.
Previous studies regarding childhood predictors for later PHT are scarce and several issues have been overlooked. First, the scarcity of gender-specific studies in this field is understandable, since PHT is a rather rare phenomenon, and the number of subjects has not exceeded 1,000 participants in most psychiatric birth cohort studies including information both about childhood psychopathology and adult psychiatric outcomes. Second, childhood comorbid conduct and emotional problems increase the risk of several adult adverse outcomes [10, 12, 21, 36, 37] , but its impact on later PHT remains unclear. Third, in the UKNCDS, childhood mental health problems relied only on teacher reports at baseline [8] . However, information about childhood problems should be based on standardized tools from several informants to get a comprehensive view of the child's problems [7] .
The current study aims to fill the previously described gaps in the literature by examining in an explorative manner the predictive associations between childhood psychiatric problems at age 8 (externalizing, internalizing, combinations of them, parent/teacher vs. child self-reports) and the timing of PHT and separate diagnostic groups between age 13 and 24. We used a nationwide birth cohort, consisting of one-tenth of all 8-year-olds born in Finland in 1981, and linked it 16 years later to the Finnish National Hospital Discharge Register [13, 28, 37, 38] . Because of the sex differences in disorder prevalence through childhood and adolescence [32, 34] and the differing developmental pathways in the sexes [15, 32] , we performed all analyses separately for males and females.
Materials and methods

Participants
This investigation is part of the nationwide ''Finnish 1981 Birth Cohort Study''. The Joint Commission on Ethics of Turku University and Turku University Central Hospital has approved the research plan. Informed consent was obtained from the children's parents at baseline. The combination of information from questionnaires and registry data was analyzed in such a way that the subject could not be identified.
The methodology of the study has been reported in detail previously [1, 36, 37] . The original representative study sample was drawn from the Finnish-speaking population of Finnish children born during 1981 (n = 60,007). The first assessment was conducted in October and November 1989. Of the selected 8-9-year-old 6,017 children, 5,813 (96.6%) took part in the study in 1989. The sample was controlled for demographic and socio-economic factors in the general population and it has good generalizability [1] . At follow-up, we identified the subjects in our cohort by linking their unique identification number with the Hospital Register Data. 
Methods
Mental health problems at age 8
Psychiatric symptoms at age 8 were assessed using information collected from three different sources: parents, teachers, and children. The parents and the teachers completed the Rutter's parent questionnaire [33] and the teacher questionnaire [31] , respectively. Both scales are validated [23] and have been widely used in child psychiatric research [1] . The parent questionnaire consists of 31 and the teacher questionnaire of 26 items on a scale ranging between 0 and 2 points, giving a maximum total score of 62 and 52 points, respectively. In addition to the total score scale, there are three subscales. The conduct scale has questions about stealing, lying, aggression, and defiance; the attention-hyperactivity scale has concerns about restlessness, distractibility, inattention; and the emotional scale addresses shyness, withdrawal, and anxiety. The children themselves filled in the Children's Depression Inventory (CDI), which measures depressive symptoms [22] . The CDI has shown good validity for assessing depressive symptoms among children [39] . It has 27 items on a scale ranging between 0 and 2 points, but the question concerning suicide was excluded from our version, because it was thought that it could upset the children [37] . In sum, our version had a maximum score of 52 points. The agreement between informants and the sexspecific scores of the subscales have been reported previously [2] .
First, to assess possible caseness, the children were divided into screen positive and negative groups. The total scores of the parent and teacher reports (M: n = 2,638; F: n = 2,554) were cut off at 13 and 9 points, respectively, which correspond to the 85th percentile: these are commonly used, and validated to detect mental disorders [23] . Parent and teacher reports were combined using an ''or rule'' [17, 44] , i.e., subjects were classed as screen positive if either the parent report or the teacher report or both reports were above the cutoff score (M: 29.6%; F: 12.6%). The proportions of screen-positive and screen-negative subjects have been described in detail in a prior report [2] .
Second, to study specific types of psychopathology, four scales were used: the pooled conduct, attention-hyperactivity, emotional scales, and the self-reported depressive scale [36, 37] . The scores from the parent and teacher conduct, attention-hyperactivity and emotional subscales were summed together to generate the three pooled scales (parent conduct scores ? teacher conduct scores = pooled conduct score, etc.), while the depressive scale was based on the child self-report alone. These scales were studied as both linear variables to achieve statistical power and as categorical variables to facilitate the interpretation of the results for screening purposes. In line with previous reports using categorical variables [36, 37] , we used sex-specific cutoff scores at the 90th percentile based on the distribution in the population-based sample at baseline.
Third, to analyze how combinations of psychopathology affect the outcome, the pooled categorical conduct, attention-hyperactivity, emotional, and depressive scales were combined (M: n = 2,544; F: n = 2,471). Sixteen different combinations of symptoms were formed by the four categorical scales. The 16 groups were collapsed into six clinically meaningful groups in line with previous reports [36, 37] : (1) . The Reference group was negative (below the 90th percentile) on all four scales (M: 69.9%; F: 70.6%); (2) . the Conduct-emotional group was conduct-positive and emotional-positive or CDI-positive, indicating a high level of symptoms in both conduct and emotional domains (M: 4.3%; F: 3.5%); (3). the Conduct-only group was positive on the conduct scale, but negative on both the emotional scale and the CDI (M: 5.7%; F: 7.8%); (4). the AttentionHyperactivity group was positive on the attention-hyperactivity scale, but without conduct problems (M: 4.0%; F: 5.6%); (5). the Emotional-only group was positive on the emotional scale or the CDI, but negative on conduct and attention-hyperactivity scales (M: 9.6%; F: 6.7%); (6) . the Invisible group had high levels of self-reported depressive symptoms, but was screen negative on all three scales based on adult reports (M: 6.5%; F: 5.7%).
Additional data at age 8 was collected on: (1) parental education level: father's or mother's completion of at least 12 years of education (in Finland compulsory education consists of 9-year comprehensive school after which education can be continued in vocational school or in upper secondary school concentrating on theoretical subjects); (2) family structure: families were classified as intact (twobiological-parent families) or non-intact (other family structure).
The outcome
Information about PHT between 1.1.1994 and 31.12.2005 was based on the National Hospital Register in Finland, which is extensively documented in psychiatric research [19, 28, 37, 38] . The register covers the diagnosis and the day of admission in all general, mental, and private hospital inpatient care units in Finland. If a patient needs observation for more than 12 h, the patient is admitted to an inpatient treatment [37] .
The outcome of PHT was defined as having a primary diagnosis of a psychiatric disorder in the Hospital Discharge Register between 1994 and 2005. All patients treated according to the register were included in the study. The diagnostic codes were registered according to ICD-9 in years 1994-1995 and ICD-10 in 1996-2005. Diagnostic codes of specific diagnoses and diagnostic groups were classified according to the transcription of ICD-10 and ICD-9 codes to DSM-IV-TR diagnoses [3] . The association with childhood variables was analyzed for having any psychiatric diagnosis and additionally separately analyzed for the four diagnostic groups with most subjects: psychosis, mood disorders (non-psychotic), anxiety disorders, and substance-related disorders. Subjects could belong to several diagnostic groups, because some subjects were diagnosed with different diagnoses at different admissions. Subjects who had not been treated for a psychiatric disorder according to the register data between 1994 and 2005 were used as a reference group in all statistical analyses.
Statistical analysis
Associations of psychiatric symptoms with incidence of PHT and the four diagnostic groups between ages 13 and 24 years were analyzed using Cox's proportional hazards regression analysis [16] . The time from age 13 to the first hospital admission with a certain type of diagnosis before age 24 was the observed time for an endpoint event in the analyses. For those who did not have any hospital treatment before age 24, the time from age 13 to age 24 was recorded as the event time, and it was handled as a censored time observation. The strength of the associations was quantified using hazard ratios (HR) with 95% confidence intervals (95%CI). The Kaplan-Meier curves in the figures were Nelson (empirical) cumulative hazard function estimates. Statistical computations were done with SAS System for Windows, release 9.1.
Results
PHT between age 13 and 24
During the follow-up, 168 (6.2%) males and 108 (4.1%) females had been admitted for psychiatric treatment. The mean age at their first admission was 19.1 (SD 2.4) for males and 18.8 (SD 3.7) for females. A detailed table of the number of subjects who had been admitted for different specific psychiatric diagnoses, is available from the corresponding author upon request. The most common psychiatric reason (diagnostic group) for being admitted to hospital treatment among males was substance-related disorders (1.8%, n = 48), while among females it was nonpsychotic mood disorders (1.9%, n = 50). Males (1.5%, n = 40) more often than females (0.8%, n = 22) were admitted for psychotic disorders (Fisher's exact test, subjects without the studied diagnosis were used as reference group, p = 0.030). More males than females were admitted for non-affective psychoses (1.3%, n = 35 vs. 0.5%, n = 13, p = 0.002), and two of its six sub-diagnoses: schizophrenia (0.6%, n = 15 vs. 0.2%, n = 4, p = 0.019) and psychotic disorder not otherwise specified (0.8%, n = 22 vs. 0.2%, n = 5, p = 0.002). No sex differences were seen among affective psychoses (0.4%, n = 10 vs. 0.4%, n = 11, p = 0.83).
Some subjects had several admissions with different primary diagnoses. The rate of overlapping of different diagnostic groups during the follow-up is available from the corresponding author upon request. Among males, diagnostic groups overlapped with each other between 4.2% and 30.0%, while among females, the groups overlapped between 8.0% and 40.9%.
Predictors at age 8 for PHT
Screen positive at age 8 As shown in Fig. 1a and b, the probability of surviving without PHT decreased more for the screen-positive group than for the screen-negative group throughout the follow-up period in both sexes. However, among males, there was an increase in subjects being admitted for the first time for PHT during the followup between the age of 18 and 22 in both the screen-positive and screen-negative groups. Of all males admitted for PHT, 51.5% were screen positive at age 8 [sensitivity, n = 84 of total 163 subjects with complete childhood data, positive predictive value (PPV) = 10.7%], while the sensitivity among females was 27.1% (n = 29 of total 107, PPV = 9.0%). Additionally, in both sexes, screen-positive status predicted mood disorders (M: n = 21, sensitivity = 53.9%, PPV = 2.7%, HR 2.81, 95%CI 1.50-5.27, p = 0.001; F: n = 15, sensitivity = 30.6%, PPV = 4.7%, HR 3.16, 95%CI 1.72-5.81, p \ 0.001), anxiety disorders (M: n = 19, sensitivity = 52.8%, PPV = 2.4, HR 2.67, 95%CI 1.39-5.14, p = 0.003; F: n = 6, sensitivity = 42.7%, PPV = 1.9%, HR 5.32, 95%CI 1.85-15.32, p = 0.002) and substance-related disorders (M: n = 29, sensitivity = 60.4%, PPV = 3.7%, HR 3.67, 95%CI 2.06-6.54, p \ 0.001; F: n = 9, sensitivity = 37.5%, PPV = 2.8%, HR 4.28, 95%CI 1.87-9.77, p \ 0.001). Psychosis was predicted only among males (n = 22, sensitivity = 56.4%, PPV = 2.8%, HR 3.13, 95%CI 1.66-5.89, p \ 0.001). Table 1 shows the predictive associations between family variables and the categorical psychopathology scales at age 8 and later PHT, according to the univariate and multivariate analyses. When the two family variables and the four psychopathology scales were included in multivariate models [a model including the categorical scales (Table 1) and another model including the linear scales], PHT, among males, was independently predicted by non-intact family structure (p \ 0.001 for both categorical and linear regressions, given in this order), the conduct scale (p = 0.03 and p = 0.006), the emotional scale (p = 0.01 and p = 0.002) and the self-reported depressive symptoms in the linear regression (p = 0.008). Among females, PHT was independently predicted by the self-reported depressive scale (p = 0.02 for both regressions) and the emotional scale in the linear regression (p = 0.04).
Psychopathology types and family variables
Because of the small number of subjects, linear instead of categorical psychopathology scales were primarily used to analyze the predictive association between childhood psychopathology and specific diagnostic groups (Table 2) . Psychosis was independently predicted by the conduct scale among males. Mood disorders were independently predicted by the emotional scale and the self-reported depressive symptoms in both sexes. Anxiety disorders were independently predicted by the emotional scale among males. Substance-related disorders were independently predicted by nonintact family structure and the conduct scale in both sexes.
Because of the particular importance of early identification of children at risk of psychotic disorders we further examined associations between categorical measures of psychopathology at age 8 and later psychotic disorder. Out of 40 males admitted for a psychotic disorder, 32.5% scored above the 90th percentile on the conduct scale (HR 4. Table 2) .
Combinations of psychopathology The conduct, attention-hyperactivity, emotional and self-reported depressive psychopathology scales were combined to disentangle the predictive value of pure versus comorbid problems and of adult-versus self-reports. The proportions of subjects with different combinations of psychopathology who had later been treated for a psychiatric disorder are shown in Fig. 1c and d, including the univariate predictive associations for PHT. The strongest predictive association for PHT was found for the comorbid Conduct-emotional groups, as 20.9% of the males and 11.5% (PPV) of the females belonging to this group had been treated for a psychiatric disorder during the follow-up period, while the corresponding figures for the Reference groups were 3.9% for males and 3.2% for females. Among males, also the Attention-Hyperactivity group, the conduct group and the emotional group predicted PHT. In additional analysis when the effects of the interactions between the psychopathology types, family structure and parental education level were analyzed on the main outcome PHT, no significant interactions were found. Hazard ratios and confidence intervals of the linear variables are calculated for one standard deviation change
Discussion
The results of this nationwide population-based study have several findings with implications for the early identification of subjects with psychiatric disorders requiring hospital treatment. Among females, self-reported depressive symptoms at age 8 had a strong predictive association with psychiatric outcome, while among males, conduct problems most strongly predicted psychiatric outcomes. However, it was the combination of conduct and emotional problems among both males and females which mainly increased the risk of later PHT. One out of two males and one out of four females admitted for PHT by the age of 24 were ''screen positives'' at age 8, according to either parent or teacher reports indicating possible psychiatric caseness. Accordingly, previous studies have shown that childhood psychopathology predicts especially intensive psychiatric treatment [20, 41] . Furthermore, psychiatric problems at age 8 increase the risk for later PHT more in males than females, which is in line with the findings from the UKNCDS [8] .
When we analyzed combinations of psychopathology scales, the greatest likelihood for PHT was found for children with combined conduct and emotional problems. About 21% of males and 12% of females with concurrent conduct and emotional problems at age 8 were admitted for PHT by age 24, compared to 4% (M) and 3% (F) of the Reference group. Previous longitudinal studies have shown that childhood internalizing and externalizing problems are associated with adverse psychiatric outcomes in adulthood [10, 21, 37] , including our previous report of males with military call-up data [36] . A novel finding in the present study is that the long-term prognosis concerning severe adult disorders requiring PHT, is poorest also among females with comorbid externalizing and internalizing problems in childhood, not only among males.
The developmental gender differences in relation to later psychotic illness have not received the attention that this important topic deserves. Intriguingly, among females, only emotional problems had a predictive association with psychosis in early adulthood, while among males, conduct problems was the associated precursor. This is in line with the few existing studies including gender-specific information on childhood psychopathology [8, 27] . To date, most of the longitudinal birth cohort studies have not reported separate estimates concerning childhood psychopathology for males and females [6, 18, 20, 36] . In previous studies, some gender differences have been indicated: neurodevelopmental deficits are more profound among preschizophrenic males than females [43] . Also a lifecourse-persistent psychopathological deviance has been indicated to associate with psychosis among males, while females often have a later onset of symptoms [43] .
Concerning other diagnostic groups treated in hospitals and their impact on childhood psychopathology, the results are largely in line with previous reports. Both mood and anxiety disorders treated in hospitals were predicted by similar problems in childhood [20, 36] . Though attention problems predicted PHT and several diagnoses among males in the univariate analyses, no statistically significant associations were found in the multivariate analyses. This further supports findings from previous longitudinal population-based studies where attention problems have been adjusted for other childhood problems [30] . Substancerelated disorders were predicted by conduct problems [9, 36] , and non-intact family structure in both sexes [42] . However, a non-intact family may not be seen as a risk per se, but, e.g., through the often associated family problems like disadvantageous child-rearing practices, financial problems, and psychiatric problems among parents [11] .
Generally, it is considered that children's self-reports of psychopathology, especially depressive symptoms, become more important the older the children get [35, 40] . In the present study, self-reports were gathered already at the age of 8, which is earlier than in other psychiatric birth cohort studies with outcomes in adulthood [36] . A novel finding is that self-reports of depressive symptoms at age 8 show independent predictive associations with later PHT among females, while adult reports remain significant among males. If replicated, this finding indicates that especially girls' depressive symptoms are often not noticed by adults, though it is an important warning sign for possible later adverse outcomes.
The strengths of the sample include the fact that it is nationwide, a follow-up rate of 91%, and the use of a nationwide well-documented register [28, 37, 38] . However, several limitations should be considered when interpreting the results of this study. First, interviews were not used to assess childhood psychopathology. Some individual and environmental factors, like family factors, could possibly have affected the level of psychopathology reported in the questionnaires, which could have been corrected with a clinical judgement. Conversely, the use of brief reports made it possible to obtain a large sample with high a participation rate (97%). Second, though former studies concerning psychotic disorders have shown that the Hospital Discharge Register is diagnostically valid and very accurate in detecting psychoses [28] , we do not have data on the diagnostic validity of, e.g., anxiety disorders. However, all Finnish inpatient units are legally obliged to report all discharges to the register, and 97.6% of all registered psychiatric diagnoses are identical with the ones in medical records [19] . Third, admission to PHT depends not only on the severity of the disorder, but also on helpseeking patterns and on the health care system. Yet, the legal principles of outpatient and inpatient treatment in mental health are from 1990, and the rate of psychiatric inpatient treatment has remained the same between 1994 and 2007 (6.0 discharges in general and mental hospitals per 1,000 adult population [25] ).
Given the burden of severe psychiatric disorders and intensive psychiatric treatment on individuals and society, early identification of these patients is a major challenge for mental health services. Based on our results, we recommend different screening strategies for males and females, when identifying children at risk of later psychiatric disorders requiring PHT. Among males, conduct problems, while among females, anxiety and self-reported depressive problems, have the strongest association with PHT. However, comorbid conduct and emotional problems carry the highest risk of later PHT in both sexes. Moreover, information from multiple sources is emphasized and especially girls' reports of their own internal distress should not be overlooked in screening or clinical assessment.
